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Reproduction in teleost fish 
 
 
Fish represent the most diverse and oldest living class of vertebrates, making up 
approximately 48% of all known members of the subphylum Vertebrata (Bolis, et al. 
2001).  They are able to live in a wide variety of habitats, from salt water to fresh water 
and from cold polar seas to areas of intense pressure in the depths of the ocean (Moyle 
and Cech 1996). Because of this overwhelming diversity, the evolution and ecology of 
fishes has been a dynamic field of study (Moyle and Cech 1996). Researchers have 
generally divided fish into three distinct groups: jawless fishes (Class Agnatha), 
cartilaginous fishes (Class Chondrichthyes), and bony fishes (Class Osteichthyes), with 
the largest amount of diversity found in the last group, the bony fish, which represent 
95% of all living fish species (Nelson 1994; Volff 2005). More than 99.8% of these bony 
fish are members of the teleosts, with more than 28 thousand described species (“Bony”; 
Pough, et al. 2005). 
Morphologically, all teleosts share similar caudal and cranial structures, with a 
skeleton of bone, scales, paired fins, a single pair of gill openings, and paired nostrils 
(“Bony”). In addition to species diversity, this class of fish also displays more 
reproductive diversity than many other vertebrates. Teleost fish display many different 
kinds of sexual development, modes of reproduction and sexual morphology.  There are 
several factors that can affect their reproductive events, they have several different 
methods for nest building, and commonly display differing degrees of parental care and 
energy investments in reproductive efforts (Pough, et al. 2005). This chapter will first 
focus on describing certain reproductive characteristics that are shared among teleosts. It 
will then discuss the various modes of sexual maturation displayed by teleosts and 
 2 
 
 
describe differing reproductive strategies observed (gonochorism, hermaphrodism, and 
unisexuality, specifically). Lastly, it will discuss general reproductive behaviors including 
spawning behavior and parental care among teleost fish.   
 
Common reproductive characteristics of teleosts 
 Like all other vertebrates, the majority of teleost fish reproduce sexually and in 
most cases sperm and egg are produced in separate individuals (Coward, et al. 2003). 
Gametes are generally expelled into the external environment and fertilized outside of the 
body (Coward, et al. 2003). Typically, teleosts produce, and potentially care for, varying 
numbers of offspring, with the number of offspring produced largely dependent on 
potential survival of the offspring and environmental factors (“Bony”). Interestingly, fish 
that produce non-ideal numbers of offspring (clutches that are too large or too small) tend 
to display higher levels of filial cannibalism (eating one’s own offspring). This behavior 
is common in many teleost fish species, having been recorded in at least 17 families 
(Manica 2002).  
In terms of egg production, freshwater teleosts are typically characterized as 
producing dimersal eggs. These eggs are typically yolk-rich and buried in, placed on, or 
attached to a gravel or plant substrate (Pough, et al. 2005). Dimersal eggs generally hatch 
into young that quickly display behaviors and body forms similar to those of the adult 
fish (Pough, et al. 2005).  This approach is in contrast to marine teleosts, which mostly 
produce pelagic eggs. These eggs have little yolk reserve and are allowed to float freely 
in the water. The young produced from pelagic eggs are generally small and tend to be 
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very different in appearance from the adults, although still recognizable to species 
(Pough, et al. 2005).   
Other than egg production and sexual reproduction in teleost fish, most other 
aspects of reproduction vary greatly across species. Sexual development, reproductive 
strategies and behaviors are highly species and environment dependent (“Bony”). 
 
Sexual maturation of teleost fish 
 The sexual development of teleost fish can be affected by several factors, 
including age, gender, size, and, in many cases, environmental factors (Jalabert 2005). 
Depending on the species, fish will become sexually mature at various stages of their 
lives, with some being mature and ready to reproduce at birth, while others live for 
several years before becoming mature (Wootton 1990). Typically, teleost fish reach 
maturity between 1 and 5 years, with the most extreme examples taking longer than 10 
years to reach sexual maturity (Wootton 1990). For example, sturgeons (members of 
family Acipenseridae) may take up to 15 years to be ready to reproduce (“Bony”).  
In many species of teleost fish, maturation is controlled by growth rate, with 
faster growing individuals reaching maturation first (Piferrer 2001). Commonly, females 
will exhibit faster growth rates and will therefore reach maturation before the males of 
the same species (Piferrer 2001). Traditionally, no matter the size at maturity, small or 
large males are equally fit in terms of reproduction (Jonsonn and Jonsonn 1993). Large 
males can compete for females while smaller males can take advantage of open spawning 
sites, but both can reproduce with generally equivalent success. With female fish, 
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however, the larger the female, the more eggs she can produce (Jonsonn and Jonsonn 
1993; Piferrer 2001).  
 
Reproductive strategies in teleost fish 
 In the majority of teleosts, eggs and sperm develop in separate male and female 
individuals, but a wide array of other reproductive patterns are present (Coward, et al. 
2003). Generally, fish display three types of reproduction: gonochorism, in which there 
exists two separate sexes, hermaphrodism where both sexes are present in the same 
individual, and unisexuality, in which all fish are female (Piferrer 2001).  
Gonochorism 
Gonochorism is by far the most common mode of reproduction, with sperm and 
egg being housed in two separate sexes (Piferrer 2001). What makes an individual male 
or female, however, is not always defined easily in fish. There is no known universal 
mechanism for how sexual determination, the genetic components that make an animal 
male or female, occurs in fishes. In addition, environmental factors often make sexual 
differentiation, changes that occur during development to make an animal phenotypically 
male or female, a very labile process. This lability results in individual genotypic sex 
being different from phenotypic sex in many cases (Piferrer 2001).  
 In general, there are three modes of sexual determination that exist in fishes: 
chromosomal, polygenic, and genetic-environment interaction (Piferrer 2001). As in 
mammals and many other species, chromosomal sex determination relies on the presence 
of sex chromosomes that contain sex specific genes and can be distinguished from all 
other chromosomes in the genome (Nakamura, et al. 1998). Many fish do not employ the 
 5 
 
 
same heterochromosomatic system as mammals, however, so most species of fish will 
not display morphologically different sex chromosomes (Jalabert 2005). Instead, fish will 
often have pairs or multiple pairs of chromosomes to determine sex. Having 
homogametic chromosomes generally results in a female, whereas heterogametic sets 
generally results in males (i.e. females XX and males XY in the XX/XY system) (Tave 
1993).  
 In polygenic, or polyfactorial, sex determination, multiple chromosomes can 
contain genes that contribute to sexual characteristics (Jalabert 2005). Genes for sex will 
be located on both the autosomes and in sex chromosomes, if present, with the sex being 
determined from the number or strength of male/females “factors” or genes inherited 
from each parent (Nakamura, et al. 1998). Fish species with this mode of sex 
determination commonly exist in unequal male:female ratios (Nakamura, et al. 1998). In 
addition, environmental factors can often interact with genetic factors during gonad 
differentiation to effect the determination of sex (Jalabert 2005). For example, many 
studies have shown that temperature can greatly influence sex determination. Tilapia 
(Oreochromis niloticus) incubated in higher temperatures almost exclusively develop into 
males (Jalabert 2005).  
 While genetic sexual determination is set when the eggs are fertilized, phenotypic 
sexual differentiation (i.e. becoming a sexually mature individual) occurs throughout 
ontogeny (Piferrer 2001). The process of sexual differentiation into a female generally 
occurs earlier in development than differentiation into a male does (Baroiller, et al. 
1999). In fish, differentiation can follow two general pathways. In the first, in species 
termed “differentiated species,” the gonadal primordium develops directly into either 
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ovary or testes (Baroiller, et al. 1999). In the second case, in fish termed “undifferentiated 
species,” all animals first develop an ovary-like gonad and later approximately half of 
fish stop female development and testicular differentiation takes over (Baroiller, et al. 
1999). Sex steroids and environmental differences can greatly affect this process (Piferrer 
2001).  
 In gonochoristic species, the actual process of reproduction can be flexible as 
well. Males and females may have similar or very different appearances, sizes, and sexual 
organs may be internal or external, among other variations (“Bony”). In general, though 
not always the case, gonochoristic species employ external fertilization of eggs by sperm 
(Wootton 1990).  
Hermaphrodism 
 In teleosts, there are two general categories of hemaophroditic species: sequential 
hermaphrodites and synchronous hermaphrodites. Sequential hermaphrodites are sex 
changing individuals that possess the ability to switch between male and female, 
normally in response to changing environmental conditions (Francis 1992). Sequential 
hermaphrodites are extremely common in coral reef fishes, and in some areas dominant 
in terms of reproductive strategies (Francis 1992). Synchronous hermaphrodites possess 
both sperm- and egg-producing organs simultaneously, and in some species, self-
fertilization is possible (Francis 1992). In most cases, however, individuals will alternate 
their sex roles and only release egg or sperm at any given time (Jalabert 2005). Among 
all vertebrates, synchronous hermaphrodites are found only in teleost fish and are rare 
even in this group, being confined to mostly deep sea species (Francis 1992).  
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 The age and size of individuals that undergo sex changes or alternations can be 
greatly influenced by environmental factors, sex ratios of the population, and social 
interactions (Jalabert 2005). For example, the cleaner wrasse (Labroides dimidiatus) lives 
in populations with a single male and multiple females. When the lone male dies, the 
most dominant of the existing females will change sex unless another male comes from 
outside of the group (Francis 1992). The ability to change sex, though present in all 
members of many sequential hermaphroditic species, is not a universal trait. There are 
many fish that will live their entire lifetimes as a single sex (Jalabert 2005).   
Unisexuality 
 Rarely, some species of teleosts will be completely unisexual and offspring will 
always be female (Jalabert 2005). In this mode of reproduction, there is never any fusion 
of sperm and egg, but sperm is generally required for eggs to develop (“Bony”). The 
sperm utilized in this reproductive strategy is generally from a closely related species of 
fish and will contribute no genetic material (“Bony”). For example, the Amazon molly 
(Peocilia formosa ) will court and “mate” with males of a related species, but their 
gametes never fuse (Coward, et al. 2003).  
 
Reproductive behaviors and fertilization in teleost fish 
 Irrespective of the model used for reproduction, all teleost reproductive events 
occur in a cyclical fashion. First, gametes (from fertilized eggs) develop, they then 
mature, and then spawning occurs, where the egg is fertilized or activated by sperm 
(Coward, et al. 2003). Many teleosts survive multiple years and participate in several 
mating events throughout their lifetimes. Spawning in temperate regions generally occurs 
 8 
 
 
in the springtime and will last a distinct period of time (Weitzman 2014). The duration of 
breeding cycles can be as short as four weeks or as long as many years, with some 
species reproducing multiple times per cycle and others only reproducing once in their 
entire lifetime (“Bony”). Fish in equatorial regions, like the Nile tilapia (Oreochromis 
niloticus), however, will breed year-round (Coward, et al. 2003). There are many species 
of teleost fish, especially marine species, in which reproductive timings are completely 
unknown (Weitzman 2014).  
 Approximately 12 species of teleosts produce living young, and are considered 
either ovoviviparous, in which case the eggs are retained in the ovary where the offspring 
develop fully and hatch there, or viviparous, in which case eggs house the offspring for a 
very short time and they are hatched internally and nourished by a placenta-like structure 
of the ovary or uterus (Weitzman 2014). In either case, this internal fertilization, and the 
subsequent birth of living juveniles, is very rare and only occurs in about 2-3% of teleost 
species (Coward, et al. 2003). 
 Most commonly, however, are oviparous species, in which females release yolk-
filled eggs into the environment. Oviparous species can be subdivided into either 
ovuliparous species, in which mature oocytes are released from the female and fertilized 
in the external environment, or zygoparous species, in which the egg is fertilized 
internally and remains within the female for a short time before being released into the 
environment (Coward, et al. 2003). The eggs in question can be either pelagic or 
dimersal, depending on the mating habits of the species in question (Pough, et al. 2005). 
In cases of ovuliparous species, all of embryonic development occurs outside of the 
maternal body, all nutrient supply is via the yolk, and juveniles hatch once developed by 
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breaking the egg envelope (Coward, et al. 2003). Zygoparous teleosts, like all other 
species with forms of internal fertilization are rare (Coward, et al. 2003).   
Spawning Habits  
 Balon (1975) classified fish (in general) into five categories based on where 
spawning occurs and where the eggs subsequently develop. These categories are the 
following: lithophils, psammophils, pelagophils, phytophils, and ostracophils (Balon 
1975). Lithophils deposit eggs and spawn on areas of rock or gravel. This spawning can 
be in lakes, streams, rivers, or other bodies of slow moving water (Balon 1975). 
Psammophils spawn and the eggs develop on roots or grass above areas with sandy 
bottoms. In looser classification schemes, this can also include spawning on sand 
substrate as well (Balon 1975). Pelagophils deposit eggs in the water where they are 
fertilized and float freely until development (Balon 1975). Ostracophils, or “shell 
dwellers,” place their eggs in invertebrate species (commonly mollusks or snails) for 
development. The Cichlidae family are known for this behavior (Balon 1975). With the 
exception of pelagophils, eggs are generally hidden from predators, and with the 
exception of pelagophils and ostracophils, fish can build nests to hold and protect the 
eggs (Balon 1975). Teleost fish display all of the above behaviors.  
Parental Care 
 Sargent and Gross (1986) define parental care in animals as an association 
between parent(s) and offspring that will enhance the offspring’s chance of survival. 
Parental care has been observed in 89 families of teleost fish (Blumer 1982). Like many 
other aspects associated with reproduction in teleosts, parental care is also highly variable 
across species. Of all vertebrates, the varieties of parental care behaviors in teleosts are 
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considered the most diverse, with behaviors ranging from no care to bi-parental care 
(Olievera, et al. 2005).  
In teleost fish, the four general classes of parental care are: no care, male care, bi-
parental care, and female care, with no care being the most common and female care the 
least (Sargent and Gross 1986). This is in contrast to mammals and other vertebrates that, 
when parental care is established, display predominantly female centered care (Sargent 
and Gross 1986). Male centered care is most common in those fish that establish nests 
and guard them during the development of the offspring. The duration of parental care 
typically ends at hatching or shortly after, but there are extreme situations in which the 
parent(s) will guard their young for a much longer period of time (Olievera, et al. 2005).  
 
Summary 
 In regards to reproduction in teleost fish, there are not many characteristics that 
are universal, other than egg production and the general necessity for sperm to either 
fertilize or activate the eggs. There is a large amount of diversity in terms of sexual 
maturation, reproductive strategies, and reproductive behaviors, making it difficult to 
generalize many characteristics. This diversity is largely due to the tremendous number 
of species comprising this group of fish (Volff 2005). When examining more specific 
classifications of teleost fish (i.e. at the family, or genus level), there are many more 
universally shared reproductive characteristics. This great diversity among teleosts may 
have, in part, contributed to the tremendous success of this group in nature.  
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Reproductive strategies of Family Centrarchidae, the freshwater sunfishes 
 
The order Perciformes (of subphylum Vertebrata) includes several families, one 
of which is Centrarchidae, commonly known as the freshwater sunfishes (Myers, et al. 
2014). This family is comprised of 8 genera including approximately 37 known species, 
all of which are native to North America (Figure 1). Family Centrarchidae is the second 
largest fish family in North America, making up a significant portion of the North 
American ichthyofauna (Myers, et al. 2014; Avise, et al. 1977). Many common 
centrarchids are depicted in Figure 2. Centrarchids are most commonly found in 
freshwater lakes and ponds and they are very common game fish because they are 
abundantly found, generally good to eat, and easy to catch (“Virtual”).  
In all species of centrarchids, the male builds a nest, courts, and spawns with 
female(s) (Cooke, et al. 2008). The male, in almost all cases, then provides the only 
source of parental care until the offspring are independent (Cooke, et al. 2008). The 
degree of parental care provided, however, varies among the centrarchid species (Cooke, 
et al. 2008). In stark contrast to the reproductive variability typical of teleosts, the 
reproductive characteristics of centrarchids are shared across species, with most species 
having very similar reproductive habits (Breder 1936). Due to the extreme similarity in 
reproduction, close proximity, and shared habitats of various species of centrarchids, 
hybrid species are very common (Breder 1936; West 1970).  
This chapter will discuss those characteristics generally shared among 
centrarchids and mention some of the few, variable characteristics as well. Unless 
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otherwise indicated, the information provided is summarized from Breder’s (1936) 
review of reproduction in the Centrarchidae family. 
 
Reproductive timing and spawning behaviors 
 The designated breeding season of almost all freshwater sunfish starts in late 
spring and ends in early summer, with the actual length of breeding time mostly 
dependent on temperature. Most breeding seasons start when the water temperature 
reaches approximately 50˚F and at this temperature fish begin migrating from deeper 
areas in the body of water to the shorelines for nest building. In years with environmental 
disturbances or overcrowding of fish populations, breeding seasons can be skipped with 
no long-term consequences to the fish population. Oftentimes, eggs that are not released 
by the female are simply reabsorbed.  
 Outside of the breeding season both sexes are nearly identical in coloration. 
During the breeding season, however, males and females of most species are generally 
easily differentiated. Males during breeding seasons will typically become much more 
brightly colored than the females and are usually larger in size, in general, to help with 
protection of the nests. One example where coloration patterns are opposite, is in the 
black-banded sunfish (Mesogonistius chaetodon), with the female becoming more 
brightly colored in times of breeding. One reason for the typical differential coloration, 
with males being more brightly colored during breeding seasons, is thought to be in order 
for males to attract females to nesting sites for spawning. In almost all centrarchids, it is 
the female that enters the nest to initiate the spawning act, with very few examples in 
which the female does not initiate spawning.  
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 Oftentimes, during spawning, the male is naïve of the female’s intent and will 
regard her as an intruder, fighting her to leave the nest. It is not until the release of eggs 
by the female, in many cases, that the male will end his aggressive acts and subsequently 
release sperm for fertilization of the eggs. In other cases, there is a detailed courtship 
performed by the males to attract the females into the nest. Males will swim around the 
edge of the nest, actively tail sweeping, to attract a female and when she approaches he 
will encircle her and guide her into the nest. At this point, the female may either stay and 
spawning can occur, or she will leave and the courting behavior will continue (Avila 
1976). Many spawning acts can last up to an hour, after which the female will leave the 
nest and typically not return. Females are capable of either releasing their entire egg 
reserve in one long spawning act, or they can release smaller portions of their clutch in 
successive spawning acts (DeWoody, et al. 1998). In either case, the female’s eggs have 
a chance to be fertilized by any males present at the time of release (DeWoody, et al. 
1998). Both males and females often mate with several different individuals within a 
breeding season, but males will look after a single brood at a time, and the actual act of 
spawning usually only occurs in pairs. There are rare cases in which polygamous 
spawning can occur, with multiple males or females mating with the same individual in a 
single spawning act. These instances typically only occur when there are unequal sex 
ratios within a population.   
 
Nest description and construction 
 The nests of centrarchid fish are exclusively built by male individuals, even 
though not all males in nest-building species will create a nest, and the nest is where the 
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act of spawning occurs (Breder 1936; Ughlem and Rosenqvist 2002). In some cases,  
males that will take over existing nests by chasing off the male that originally constructed 
the nest, In other cases, males commonly referred to as associates, will fertilize eggs with 
the male that built the nests and are allowed to cohabitate the nest in order to assist with 
protection of broods. Finally, males may sneak into and “parasitize”  nests of other males, 
fertilizing eggs during spawning events without acceptance of the nest owner (Uglem and 
Rosenqvist 2002). The choice of which behavior a male will exhibit is largely dependent 
on the size of the male and the costs associated with the other behaviors, with smaller 
males being more likely to take on the role of associates or sneakers (Uglem and 
Rosenqvist 2002). 
 In those males that do build nests, the location and appearance of the nest is 
dependent on several factors including depth of the water, condition of the environment, 
nearby objects, size of the male, and proximity to other nests. Larger males tend to nest in 
deeper waters and tend to build larger nests. In general though, the nests are circular with 
the diameter of the nest typically equal to about twice the length of the nesting male. This 
is because of the mechanism by which fish clear the nests, making it difficult to construct 
nests much larger than that. The size of the nest is also influenced by the ability of the 
fish to clear unwanted materials from the site and how dense the area is in existing nests 
(Avila 1976; Breder 1936).  
Most of the time, the fish will move larger objects from the nesting areas with 
their mouths and push smaller objects with their nose or tail, but the majority of the 
clearing for a nest is done via tail-sweeping motions (Avila 1976; Breder 1936). In cases 
of very thin sand, the fish may take the material in its mouth and deposit it in another 
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location through its gill-clefts. The latter activity is more common once the eggs are 
already laid and more aggressive clearing efforts could cause harm to the developing 
brood. If there are large barriers near the nest, it may be smaller in comparison to others 
due to the inability of the fish to clear the site. Oftentimes, however, fish will utilize these 
unwanted barriers as additional protection from predators. In sandy or extremely silty 
locations, sunfish are often not observed nesting. This is because the clearing efforts of 
the fish are useless, creating only large clouds of silt which will continually resettle on 
the nesting site. Because it is important that the eggs remain oxygenated, the sites chosen 
for nesting tend to have abundant gravel or other materials that the fish can clear easily. 
In some cases, nests are constructed and used for multiple nesting seasons, with 
experienced males simple excavating the old site from previous seasons and modifying it 
as needed (Avila 1976). 
Although dense aggregations of nests may sometimes cause males to alter the size 
of their nest, those areas with larger proportions of nests also tend to attract more females 
(Dupuis and Keenleyside 1988). Females, in these cases, are able to evaluate multiple 
males at once and can often reproduce multiple times in a short period of time, increasing 
their reproductive success (Dupuis and Keenleyside 1988). The females, though generally 
attracted to male coloration, also choose mates based on the quality of the nest and the 
degree to which the males guard their territories, both factors often being an indication of 
the male’s overall health and fitness (Dupuis and Keenleyside 1988; Ughlem and 
Rosenqvist 2002). In areas with higher densities of nests, females are able to compare 
multiple factors and evaluate several potential mates simultaneously. Those males with 
larger, better protected nests tend to be better providers of parental care and will, 
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therefore, maximize the likelihood of the female’s eggs hatching successfully (Ughlem 
and Rosenqvist 2002).  
 
Parental care 
 Parental care can be defined as an association between parent(s) and offspring that 
will enhance the offspring’s chance of survival (Sargent and Gross 1986). The degree of 
parental care provided by male centrarchids depends on several factors. In general, 
however, the males will continually aerate the nests with fin motions to oxygenate the 
broods and will guard the nests from predators, often remaining on the nest until the eggs 
are hatched. The amount of parental care provided often depends on how certain a male 
can be that the brood is genetically his (Perrone and Zaret 1979). The less certain the 
male is of paternity, the less energy he will invest in caring for the brood. Those males 
that are more territorial and deny access of other males into their nests, therefore, provide 
higher levels of parental care (Breder 1976; Perrone and Zaret 1979). Males will look 
after broods until they hatch, and in most centrarchids, this is when parental care ceases.  
 
Introduction to the current study 
Of the 8 genera in the Centrarchidae family, Lepomis is recognized as the most 
species rich, with 11 known extant species (Avise, et al. 1977). Member of the genus 
Lepomis, including the longear sunfish (Lepomis megalotis) which is the focus of the 
current study, have been the subject of much research, mostly behavioral in nature (Avila 
1976). The centrarchids are very prominent members of the North American fish 
population, making them important in many conservation efforts. Recreational fishing 
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and alteration of natural habitats can have tremendous effects on the success of these fish 
(Cooke and Philipp 2009).  
There has been extensive research on sunfish (family Centrarchidae) and their 
reproductive behaviors, but the construction of their nests is something that researchers 
have tended to mention only in passing and in general terms. Because of this, there is 
little to no information available on the substrate selection of the longear sunfish 
(Lepomis megalotis) or the specific composition of their nests. This study will address 
this lack of knowledge by investigating nesting in Lepomis megalotis and asking whether 
there is a preference for particular substrates in nesting males. The study took place along 
the Central Canal Towpath on the Butler University campus in Indianapolis, Indiana 
where nesting patterns typical of the family Centrarchidae are observed and the longear 
sunfish is known to nest annually. 
 
 
 
 
 
 
 
 
 
 
 
 20 
 
 
References 
Avila, V.L. 1976. A field study of nesting behavior of male bluegill sunfish (Lepomis 
 macrochirus Rafinesque). American Midland Naturalist 96: 195-206. 
Avise, J.C., Straney, D.O., Smith, M.H. 1977. Biochemical Genetics of Sunfish IV. 
 Relationships of Centrarchid Genera. Copeia 1977: 250-258.  
Breder, C.M. 1936. The Reproductive Habits of the North American Sunfishes (Family 
 Centrarchidae). The New York Zoological Society: New York, NY. 48 pp.  
Cooke, S.J., Weatherhead, P.J., Wahl, D.H., Philipp, D.P. 2008. Parental care in response 
 to natural variation in nest predation pressure in six sunﬁsh (Centrarchidae: 
 Teleostei) species. Ecology of Freshwater Fish 17: 928-638. 
Cooke, S.J. and Philipp, D.P. 2009. Centrarchid Fishes: Diversity, Biology and 
 Conservation. Blackwell Publishing: United Kingdom. 534 pp.  
DeWoody, J.A., Fletcher, D.E., Wilkins, S.D., Nelson W.S., and Avise, J.C. 1998. 
 Molecular genetic dissection of spawning, percentage, and reproductive tactics in 
 a population of redbreast sunfish, Lepomis auritus. Evolution 52: 1802-1810.  
Dupuis, H.M.C and Kennleyside, M.H.A. 1988. Reproductive success of nesting male 
 longear sunfish (Lepomis megalotis peltastes). Behavioral Ecology and 
 Sociobiology 23: 109-116.  
"Family Centrarchidae." Family Centrarchidae. Henderson State University. Web. 
Jennings, M. 2013. Fishes of Wisconsin. Wisconsin Department of Natural Resources. 
 Web.  
Myers, P., R. Espinosa, C. S. Parr, T. Jones, G. S. Hammond, and Dewey, T. A. 2014. 
 “Centrarchidae: Sunfishes.” The Animal Diversity Web. Web.  
 21 
 
 
Perrone, M. and Zaret T.M. 1979. Paternal care patterns of fishes. The American 
 Naturalist 113: 351-361. 
Sargent, R.C., Gross, M.R. 1986. Williams’ principle: an explanation of parental 
 care in teleost fishes. The Behavior of Teleost Fishes 275-293. 
"The Virtual Aquarium of Virginia Tech--Sunfishes and Black Bass." The Virtual 
 Aquarium of Virginia Tech--Sunfishes and Black Bass. Virginia Tech. Web. 
Ughlem, I. and Rosenqvist, G. 2002. Nest building and mating in relation to male size in 
 corkwing wrasse, Symphodus melops. Environmental Biology of Fishes 63: 17-
 25.  
West, J.T. 1970. The gonads and reproduction of three intergeneric sunfish (Family 
 Centrarchidae) hybrids. Evolution 24: 378-394.  
 
 
 
 
 
 
 
 
 
 
 
 
 22 
 
 
Figures and Tables 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Areas in green are where Centrarchid fish as most commonly 
found in North America. Species are predominantly found in the 
southeastern United States, but common in many parts of Canada as well 
(Jennings 2013).  
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Figure 2. Several common centrarchid species. A. Smallmouth 
Bass (Micropterus dolomieui), B. Dollar Sunfish (Lepomis 
marginatus), C. Longear Sunfish (Lepomis megalotis), D. 
Spotted Sunfish (Lepomis punctatus), E. Bantam Sunfish 
(Lepomis symmetricus), F. Redear Sunfish (Lepomis 
microlophus), G. Warmouth Sunfish (Lepomis gulosus), H. 
Green Sunfish (Lepomis cyanellus), I. Flier Sunfish 
(Centrarchus macropterus), J. Shadow Bass (Ambloplites 
ariommus) (“Family”). 
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Substrate preferences of nesting Lepomis megalotis, the longear sunfish 
 
 
Abstract 
Male longear sunfish (Lepomis megalotis), family Centrarchidae, establish their nests in 
shallow waterways during the spring and early summer months. While there has been 
extensive research on centrarchids and their reproductive behaviors, the construction of 
their nests has received less attention. There is little to no information available on the 
substrate selection process of the longear sunfish (and other sunfish as well) or the 
specific composition of their nests. This particular study aims to describe the composition 
of the nests of longear sunfish and determine whether or not there is an active selection 
process by which these fish choose the materials or locations for their nests. By sampling 
and comparing the sediment profiles of nests of the longear sunfish with general areas of 
the Central Canal Towpath, where the longear sunfish is known to nest annually, this 
study investigates whether the nests are distributed randomly or are found in areas with a 
specific substrate profile. The results of this study suggest that there is no significant 
difference between the nests and the general canal habitat in terms of substrate 
composition, but other observations suggest that the fish may be choosing their sites for 
nesting based on other environmental factors. The methodology used in this study and the 
information gathered will hopefully encourage future studies to further investigate this 
question of sediment and/or habitat preference among the longear sunfish. 
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Introduction 
 Lepomis megalotis, a member of the family Centrarchidae, is a small centrarchid 
commonly known as the longear sunfish because of the presence of a long operculum 
which is vividly black in color (Jennings 2013; Figure 1). Longear sunfish are classified 
as nest-spawning lithophils, meaning they deposit their eggs in clutches on cleaned areas 
of rocks or in pits of gravel in shallow water where they are usually guarded by the male 
fish (Balon 1975). The fish are common in streams and other shallow bodies of water in 
north-central USA and other regions of North America (Jennings 2013; Figure 2). The 
presence of longear sunfish in a particular area can be indicative of the overall health and 
stability of the habitat area because they provide an essential connection between higher 
and lower trophic levels in the food chain (Goddard and Mathis 1997).  
Members of the family Centrarchidae commonly display behaviors such as nest 
construction and courtship (Avila 1976). Like other members of this family, male longear 
sunfish build nests prior to spawning with females and guard the nests during embryo 
development until shortly after hatching. The males tend to nest in dense aggregations, 
although some choose to nest solitarily (Dupuis and Keenleyside 1988). Those males that 
nest solitarily typically defend larger territories than fish that nest in aggregates (Avila 
1976). Nesting in close vicinity to one another provides a benefit for both males and 
females by allowing evaluation of multiple males in a single location for the female fish, 
and reducing territory that the males are responsible for protecting, therefore conserving 
energy for additional mating (Avila 1976). Aggregate nesting also tends to cause an 
overall increase in the reproductive success of both male and female fish (Avila 1976). 
However, nesting in aggregates naturally increases the amount of competition between 
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males. This competition will occasionally lead to less successful males entering active 
spawning sites in an attempt to cuckold other males (Gross 1979).  These cuckolding 
males typically do not stay and guard whatever offspring they may have had the chance 
to fertilize (Gross 1979). L. megalotis spawn multiple times during the breeding season 
once water temperatures become ideal (low 70’s°F), normally beginning in the late spring 
months (“Longear”).  
 The nests of longear sunfish (and other varieties of sunfish as well) often serve as 
sites for nest association by other fish species, like the Topeka shiner (Notropis topeka) 
(Witte, et al. 2009). These associations have been shown to be mutualistic relationships, 
but are especially beneficial to the fish using the sunfish nesting sites because of the 
added protection provided by the male sunfish (Johnston 1994). Fish that do not typically 
expend energy in guarding their eggs will deposit them in the nests of the sunfish to 
provide them with protection during development. This fact, along with the correlation 
between longear sunfish presence and overall habitat stability suggests that this particular 
fish serves multiple important purposes in a habitat.   
While there has been extensive research on sunfish and their reproductive 
behaviors, the construction of their nests has received less attention. This particular study 
aims to describe the composition of longear sunfish nests and determine whether or not 
there is an active selection process by which longear sunfish choose the materials or 
locations for their nests. Preliminary sediment samples were collected from nesting areas 
along the Central Canal Towpath in Indianapolis, Indiana, where the current study took 
place, in the spring semester of 2012. Observations of the preliminary collections 
indicated that the primary substrates present in any given nest were fine pebbles (or 
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larger) and medium sand, whereas the samples collected from the canal (in areas without 
evidence of nesting) seemed to be more diverse in regard to the types of substrate present. 
This trend was consistent from one nest to another. Although the sample size for the 
preliminary study was relatively small (n=6 nests, n=9 canal), the results provide an 
indication of what we should expect to see with further collection. Because the substrate 
make-up of the initial nest and canal collections were not visually similar, we 
hypothesized that the fish could be selecting certain nesting materials or certain areas of 
the canal for nesting.  
One past study on L. macrochirus, the bluegill sunfish, showed that males did not 
necessarily build novel nests each breeding season. Rather, experienced males would find 
sites used the previous season and clear away debris and plants from the area by tail-
sweeping and re-nest there (Avila 1976). It would not be unexpected then, if the longear 
sunfish displayed this same or a similar kind of behavior. The initial nests that are being 
continually reused, however, may have originally been constructed using specific 
sediments.  
By describing nest composition and comparing it to the overall composition of the 
canal, I hope to determine whether there is a significant difference in materials present. 
This comparison will test the hypothesis that sunfish nests are not randomly composed, 
but rather have a specific make-up. There are two possibilities as to how this non-random 
composition would occur: longear sunfish are actively constructing new nests and 
choosing specific sediment types to include, or there is active selection of the sites for 
nesting, based on the substrates present in the area. Conversely, if there are no patterns 
discovered, this suggests that the longear sunfish may display opportunistic nesting 
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behaviors, simply establishing nests wherever the environment is accommodating (i.e. 
appropriate shade, light, plant material, food source, protection from predators).  
 
Materials and Methods 
The current study took place along areas of the Central Canal Towpath located on 
the Butler University campus in Indianapolis, Indiana in the summer of 2013.  
General Observations and Overview of Experimental Design 
Before starting data collection, the water temperature of the canal was measured 
intermittently with a glass stick thermometer until the fish were observed to begin nest 
construction. Because longear sunfish do not typically nest until water temperatures are 
near or above 70˚F, we did not expect to see any nests until the water reached this 
temperature. Water temperatures remained low throughout the majority of the spring 
months and did not reach 70˚F until early July, 2013, nearing the end of summer. Likely 
due to the low water temperature, there were no nests observed until mid-July, 2013. This 
is much later than longear sunfish are typically observed to begin nesting in central 
Indiana (“Longear”). As the fish became more active, spawning behaviors and nest 
building were frequently observed along the canal, but most nesting activity had ceased 
by the end of August, 2013.  
During times of nest building, and after spawning while guarding the eggs, male 
longear sunfish become very territorial and are much less bothered by nearby activity 
(Avile 1976). Because of this, observations of the nests were easily made. Nest size and 
structure along the canal varied, as some fish nested in groups while others nested 
solitarily, but in all cases, there was a noticeable patch of cleared sediment in a shallow 
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area of water along the shoreline. Nests tended to be located in areas with less plant 
debris in the water and along banks with a gradual transition to the water (Figure 3).   
After initial observations, samples were collected from established nests in order 
to generate nest profiles and at set intervals along the canal, with no bias for sediment 
type or fish preference for the area, to generate an overall description of the canal. The 
original number of desired nest samples was cut in half due to the shortened and later-
onset mating period of the fish and an unanticipated dredging of the canal that disturbed 
the canal upstream and downstream of the targeted collection site. In addition to sample 
collection, a behavioral choice experiment was conducted on the Butler University 
campus, in June 2013.    
Sediment Description of Central Canal Towpath 
 In order to determine whether or not L. megalotis actively selects the material that 
is used for nest construction, it was first necessary to profile the different types of 
sediment available for nesting, in the canal. To do this, a sediment description of the 
canal was made by collecting samples of sediment at set intervals along the length of the 
canal, not just in those areas where nesting had been previously observed, and analyzing 
the samples to determine the overall sediment composition of the canal. 
 Samples of sediment were collected every 40 meters along the West shore of the 
canal, between 53
rd
 Street and the bridge at Gallahue Hall on the Butler University 
campus, in areas of shallow water approximately 12 inches in depth (n=25). In order to 
ensure that the samples were of a uniform size, a round metal frame of 12 inch diameter 
and approximately 2 inches deep was placed in the sediment and the sample was 
collected from the interior of the frame. The collected samples were placed in Ziploc 
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bags and drained of water for transport back to campus where they were allowed to dry 
on round absorbent plates. Once dry, the samples were run through a series of funnels 
and sieves (Hubbard Scientific, Chippewa Falls, WI) in order to separate the sample into 
portions with specific sediment sizes. The various sieve sizes allowed us to accurately 
describe the different substrates present in the samples. For our purposes, the samples 
were classified into five categories: large rocks, gravel, pebbles, granules, and sand/silt. 
This description and the later nest descriptions were based on a modification of the 
Wentworth scale for particle classification (Bunte and Abt 2001). The total dry weight of 
the samples was recorded prior to being run through the sieve set. Once the samples were 
separated by the sieves according to size of sediment, each of the five different substrates 
(large rocks, gravel, pebbles, granules, and sand/silt) was measured and the percentage of 
the total weight of the sample was recorded for each. A detailed image of the funnel and 
sieve combination, as well as the classification for each sediment size is depicted in 
Figure 4. 
Visual Survey of Nesting Location 
 Once canal samples were collected, I conducted a single visual survey of the canal 
in the same area that samples were collected to more accurately describe the locations of 
the nests in our study area. The survey was conducted after most nesting activity had 
ceased and nest sites were recorded regardless of whether they were being utilized at the 
time of the survey. This survey was conducted using a hand-held GPS to mark nest sites 
(see Appendix for coordinates). The location along the canal in which this survey 
occurred as well as the approximate locations from which nest samples and canal samples 
were collected can be seen in Figure 5.  
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Nest Composition Description and Comparison: 
Nests were identified as previously described (a noticeable patch of cleared 
sediment in a shallow area of water along the shoreline, often with longear sunfish 
present) and collected using the same protocol described for the canal sampling portion 
of the study (n=16). Nests were collected from July 16, 2013 and July 22, 2013. Nests 
were assumed to be longear sunfish nests if there were longear sunfish seen near the 
collection site. Sediment composition of the nests was analyzed using the same protocol 
as described earlier.  
A 2-factor ANOVA was conducted to compare the sediment compositions of the 
samples from the general canal habitat and the nest samples for significant differences 
and also to test for any interaction between the sample type and the relative amount of 
sediments present. 
Choice Experiment 
In addition to the sediment description, a choice experiment was conducted to 
determine if the fish preferred a particular substrate for nesting when given a choice 
between multiple sediment types. The set up for this part of the study used a modification 
of the methods utilized by Witte, et al. 2009. The choice experiment required the fish to 
be caught and removed from natural waterways. This was done under an IACUC 
approved protocol (#146) issued in the spring of 2013 to Dr. Shelley Etnier. The fish 
were collected using electroshock from Little Buck Creek in Southport, Indiana under a 
DNR permit issued to Dr. Shelley Etnier. Historically, this location was a site with 
abundant longear sunfish (pers. comm. Jeff Frey). Working in collaboration with Jeff 
Frey, Supervisory Hydrologist with the US Geological Survey, we used a Smith and Root 
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Model 12 Electrofisher Backpack Shocker (battery powered) at a frequency of 30 Hz and 
output voltage of 500 V.  Fish were collected with nets after they were shocked and 
placed in buckets for transport. Ten fish were collected, but only 8 survived transport and 
were utilized for the experiment. After the initial collection of the fish, a noted 
ichthyologist (Dr. D. Etnier) determined that the collected fish were green sunfish 
(Lepomis cyanellus), a close relative to the longear sunfish. Due to the lack of longear 
sunfish for this portion of the study, we conducted the experiment as a test to determine if 
the methodology would be appropriate for future studies.  
The fish, after being transported, were kept outdoors on the Butler campus in pre-
filled holding tanks for 6 days (2 days to allow the fish to acclimate and 4 days for 
conducting the experiment). The tanks utilized were 1000 L Rubbermaid cattle tanks. The 
tanks were filled approximately ¼ full with water 10 days before the fish were caught and 
placed in the tanks. The tanks were continuously aerated with an EcoPlus Commercial 
Air 1 airpump (18 W, 60 Hz) for the entirety of the experiment and were kept covered 
with shade screens when the fish were not being observed to prevent the fish from 
escaping or being preyed upon by birds or other animals in the area (Ughlem and 
Rosenqvist 2002).  
Each of the experimental tanks (4 in number) contained 3 patches of sediment of a 
specific size placed in random locations on the bottom of the tanks. Due to the abundance 
of sand/silt, granules, and pebbles found during the sample analysis, these 3 sediment 
sizes were chosen to be placed in the tanks to test for preference. The sediment utilized 
was that collected with the nest and/or random canal samples. Each sediment patch 
measured between 18.5 and 19.5 centimeters in diameter and the patches were evenly 
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spaced along the bottom of the tanks. See Figure 6 for a depiction of the tank set up. Two 
fish were placed in each tank, and because of the difficulty in determining sex of green 
sunfish, the fish were paired based on size – one large and one small in each tank. Fish 
sizes and depth of water in each of the experimental tanks are described in Figure 6. 
In order to determine if the fish had a preference for a particular substrate, they 
were observed for 4 days, multiple times per day, for 5 minutes each observation. The 
first observation of each day was at approximately 10 AM, with the number of 
observations per day ranging from 6 observations on days 1 and 2 to 14 observations on 
day 3. There was at least 30 minutes between each observation at a given tank. Substrate 
choice was determined based on the behavior of the larger fish. The behavior of the 
smaller fish was ignored during the course of the observation. If the fish stayed on a 
specific patch for more than half (>150 seconds) of the 5 minute period of observation, 
substrate choice was recorded (Witte, et al. 2009). If the fish were not physically on top 
of a patch, there was no substrate patch recorded and the fish was said to be at the “wall” 
of the tank. After testing, the fish were released back to Little Buck Creek, at the original 
collection site. Due to the inability to collect sunfish, of any species, from the Central 
Canal Towpath, this experiment was only conducted once with the green sunfish. 
 
Results 
Comparison of Sediment Collections 
In visually comparing the two sample sets, there seemed to be a higher proportion 
of large rocks and gravel in non-nesting samples, whereas there appeared to be higher 
proportions of pebbles and granules in nesting samples. Due to the fact that one or two 
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large rocks often made up a very large portion of the total weight of many samples, nest 
and canal alike, data analysis was conducted with the large rocks subtracted from the 
total weight of the samples.  
There was no statistical differences, despite visual appearances, in terms of 
sediment composition, between the two sample sets (df=1,156; F=0.12; P=0.730), 
indicating that in those areas of the canal that I collected samples from, the overall 
composition of the nests and the general habitat areas were the same. There was also no 
significant interaction found between the sample type and the types of sediment present 
(df=3,156; F=1.27; P=0.29). There was, however, a significant difference in the 
distribution of each sediment type with all samples combined (df=1,156; F=90.07; 
P=0.000), with the average amount of sand (44.16%) higher than the average amount of 
pebbles (25.05%) and the average amount of pebbles higher than the average amount of 
granules and gravel (16.60% and 15.05%, respectively) (Figure 7). 
Along the canal, while conducting the visual survey of nest sites, it was noted that 
the nests appeared to be clumped together in certain areas of our sampling site. Most 
nests were observed in the same areas where nest samples were collected (Figure 5) and 
the areas appeared to be generally free of plant debris in the water, were more shallow 
compared to surrounding areas, and they were observed to have less steep banks than 
those areas where nests were not recorded. 
Choice Experiment 
 Out of a total of 37 observation periods, 17 periods showed no fish activity, 
meaning that there was very little movement of the fish during the observation period, 
with the fish spending the full observation period (300 seconds) near the tank wall. From 
 35 
 
 
the 20 observations in which the fish were active, only 7 displayed substrate choice 
(defined as spending >150 seconds of the 300 second observation on a particular 
sediment patch). Of the 7 periods in which there was substrate choice, 5 of the selections 
were for pebbles and the other 2 were for sand. A typical observation of territory choice 
is depicted in Figure 8.  
If one was assuming chance in active observations, it would be expected that the 
fish would spend 25% of the 300 seconds (75 seconds) at each of the four options (wall, 
sand, granules, and pebbles). In those 20 observations with active fish, out of 300 
seconds, an average of 93 seconds were being spent at the pebbles, compared to 
approximately 18 and 43 seconds spent at the granules and sand, respectively. This result 
could be suggestive of preference for pebbles, but no statistical analysis was conducted 
due to the small sample size and high degree of pseudoreplication in the data.  
 
Discussion 
 The lack of significant differences when comparing the two sample sets (nest and 
general canal habitat) suggests that the longear sunfish are not actively building or 
selecting sediments for their nests. Rather, they seem to be simply clearing silt and debris 
from over the underlying sediment found throughout the canal. Nonetheless, the nests 
that we visually observed during the study were easily recognized and they did seem to 
be located in certain areas along the canal (Figure 5). These areas where nests were 
observed tended to be relatively free of plant debris, were shallower compared to 
surrounding areas, and had less steep banks than those areas where nests were not as 
frequently observed.  This observation suggests that the fish may be using other 
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environmental cues to determine their sites for nesting, such as shade or light availability, 
water depth, or surrounding bank structure.  
The data from the choice experiment, due to the small sample size, the incorrect 
species, and the degree of pseudoreplication, is not reliable enough to draw conclusions 
from. The general trends noticed, though interesting and potentially promising as 
indications of sediment preference in the fish, are inconclusive. Despite this, however, the 
methodology used in the experiment would be sound for future studies, with some 
modifications. For example, increasing the size of the tanks in order to more clearly 
determine if the fish are choosing sediments, would be beneficial. It was often difficult to 
decide if the fish were near enough to a patch to be considered choosing due to the close 
proximity of the patches to the walls of the tanks used. In addition, obtaining a larger 
sample size and the correct species of interest would be necessary in order to obtain 
reliable results.  
 For future investigation of the possibility of sediment preference in the longear 
sunfish, several factors should be taken into account. First, in terms of methodology, 
future investigations should include the actual depth of nesting material in a longear 
sunfish nest. In the current study, samples were collected from approximately the top 2 
inches of the chosen area or nest. The lower depths of these collections tended to be 
where some of the larger rocks in the samples came from and also could have contributed 
to the large proportion of sand noticed in most samples. If the depth were to be decreased, 
this could make investigation and comparison more accurate, with potentially only those 
sediments actually involved in the nest being collected.  
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 Second, it is important to take into account both the unusual weather experienced 
during the breeding season and the alterations that were being made to the Central Canal 
Towpath during the time that this study took place. The summer that the study took place 
was unusually cold, with water temperatures not reaching ideal levels for longear sunfish 
nesting activity until very late compared to previous seasons. Because of this, nest 
samples were collected in a very short period of time and nesting activity had ceased 
before more samples could be collected, making sample size less than ideal. The clumped 
pattern of nesting observed along the sample area, therefore, could have been due to a 
potentially smaller number of fish nesting. If more fish were nesting, or if the breeding 
season was extended, the nests may have been distributed more evenly along the study 
area.  
In addition, there was active dredging along the canal by Heartland Dredging in 
order to clear debris and stimulate better water flow through the canal in the future (pers. 
comm. Heartland Dredging). This activity could have easily contributed to the lack of 
nests observed compared to previous seasons and could have potentially altered the 
normal sediment composition of the areas. This activity also decreased the sample size of 
canal samples because the pattern of dredging interrupted the planned locations of 
collection. In addition to the shortened breeding season, this project could have confined 
the fish to a smaller area, leading to the clumped nesting pattern that we observed in our 
sampling area. The effect that this dredging project will have on future nesting seasons, 
due to potential changes in natural sediment composition, bank structure, and the removal 
of plant material, is important to consider especially because of the importance that 
longear sunfish play in indicating the overall health and stability of a habitat. If any of the 
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environmental factors that this dredging project may have changed along the canal are 
important for the reproductive patterns of this or other species, the impact of this project 
could be very significant.  
The use of fish in biological research has increased greatly over recent decades, 
with fish currently being used as models in studies of, not only ecology and evolution, 
but also cardiovascular and respiratory health, aging and gerontology, ecotoxicology, 
pharmacology, and genetics (Bolis, et al. 2001). Fish make good models for many 
scientific studies because they often have a short life cycle and produce eggs in large 
quantities which can be both externally fertilized and easily manipulated (Bolis, et al. 
2001). In addition, fish are also powerful tools for assessing the condition of aquatic 
environments. Using fish to assess the overall health of aquatic environments is a way to 
remediate and to monitor the effects of current projects (Harris 1995). Having a better 
understanding, therefore, of the ideal nesting and reproductive habitats of fish, including 
the longear sunfish, could potentially aid remediation efforts. And in terms of 
conservation of current fish populations, research in this area may help in making current 
habitats better suited for nesting and, therefore, survival of a given species.   
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Figures and Tables 
 
 
 
 
 
Figure 1. A photograph of a male longear sunfish. Notice the vivid, black operculum 
which is characteristic of this species (Jennings 2013).  
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Figure 2. Regions of North America where the Longear sunfish and closely related 
subspecies are often found (Jennings 2013). 
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Figure 3. Two photographs taken of two separate nests along the Central Canal Towpath. 
The nests in each image are circled for emphasis. Both of the photographed nests were 
later sampled for use in the sediment comparison portion of the study. Photographs were 
taken July 22, 2013.  
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Figure 4. Depiction of funnel/sieve set used to classify sediment types in each collected 
sample and a visual representation of the classification system (A=large rocks, B=gravel, 
C=pebbles, D=granules, E=sand/silt). The three sieves were selected from a set of five 
from Hubbard Scientific, Chippewa Falls, WI. The sieve number included with the 
sediment classification is the number each was assigned in the Hubbard set and that is 
commonly used in Wentworth conversions. Classifications are based on the material left 
in each segment after other material passed through to the next level, and were named 
using a modification of the Wentworth classification scheme.   
 
Sediment 
Classification 
Size range 
Large rocks 
(funnel 1) 
>27mm 
Gravel 
(funnel 2) 
13-27mm 
Pebbles (sieve 
#5) 
4-13mm 
Granules 
(sieve #10) 
2-4mm 
Sand/silt 
(sieve pan) 
<2mm 
Sand/Silt 
(pan) 
Large 
rocks 
Pebbles 
(#5) 
Granules 
(#10) 
Gravel 
Large 
rocks 
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Figure 5. Map of the area where GPS survey and sample collections took place. Orange 
dots represent approximate location of general canal sample locations and green stars 
represent approximate locations of nest sample collections. Most nest site GPS 
coordinates recorded during the visual survey were in the same areas of the nest sample 
collections. Areas where nests were collected and observed tended to be clearer of debris 
in the water, more shallow, and had less steep banks.  
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 Tank A Tank B Tank C Tank D 
Large Fish 105 mm 102 mm 93 mm 78 mm 
Small Fish 95 mm 80 mm 78 mm 63 mm 
Depth of water 38 cm 35 cm 34.5 cm 38.5 cm 
1 
3 
2 
2 
1 
3 
3 
1 
2 
3 
2 
1 
Figure 6. Set-up of experimental tanks for the behavioral choice experiment. The 
three different sediment patches (1=pebbles, 2=granules, 3=sand) were randomly 
assigned positions and were arranged in a line, evenly spaced, along the bottoms of 
the tank. Each tank held two fish, one large and one small throughout the observation 
period.  
 
A B
 
 
A 
C D 
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Figure 7. Average percent composition of sediment types in the canal or nest sample 
sets. Canal samples are represented on the left and nest samples on the right. A and C 
represent samples with the large rocks included in the total weight and B and D are those 
same samples with the large rocks subtracted from the total weight. The data represented 
in B and D were used for analysis in this study. 
 
 
 
B 
A 
D 
C 
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Figure 8. A fish located on the pebbles patch during the substrate choice experiment. 
This particular image was taken from tank C on day 3 of observations. The arrow is 
included for easier location of the fish in the image.  
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Appendix 
 
Table 1. Master table of data from general canal samples. Proportion of total weight of 
each sediment type in each sample is listed. Average total weight and average weight of 
each sediment type from all samples is included in the bottom of the table. 
Canal Sampling 
 % total weight 
Sample # Total weight (kg) large rocks gravel pebbles granules sand 
1 1.192 15.60 6.04 12.11 12.01 52.41 
2 0.586 4.03 7.51 29.06 22.03 39.03 
3 0.948 20.68 10.51 25.14 10.45 32.77 
4 0.68 13.24 9.94 24.16 10.16 42.46 
5 0.292 0.00 10.96 30.24 29.14 33.12 
6 0.618 15.15 10.03 17.52 16.36 42.51 
7 0.922 77.66 7.55 3.94 4.02 7.67 
8 1.15 66.78 5.91 9.77 7.05 6.67 
9 0.784 20.92 13.43 19.66 13.61 31.29 
10 1.184 9.63 16.52 23.51 9.72 38.40 
11 0.554 0.72 4.33 41.21 24.75 27.56 
12 0.958 23.80 9.77 10.47 14.52 42.24 
13 0.566 33.85 3.89 15.25 17.86 28.92 
14 0.752 7.98 13.03 16.26 19.56 43.98 
15 1.204 4.32 10.47 20.29 18.53 46.40 
16 0.48 38.75 21.67 19.65 8.56 12.23 
17 0.856 23.83 14.49 19.66 9.01 33.73 
18 0.998 4.01 19.04 19.27 15.34 43.16 
19 0.494 0.00 9.31 19.90 22.49 50.28 
20 0.846 6.62 28.37 40.46 14.31 9.78 
21 0.834 0.00 10.55 16.34 18.36 55.72 
22 1.076 13.75 12.83 17.50 10.33 43.37 
23 0.888 11.71 8.74 15.80 13.86 50.30 
24 0.764 49.16 17.02 12.60 5.38 17.37 
25 1.026 22.61 12.21 19.31 12.78 31.61 
Average 0.82 19.26 11.75 19.99 14.48 34.64 
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Table 2. Master table of data from general canal samples with the weight of the large 
rocks subtracted from the total weight of the samples. Proportion of total weight of each 
sediment type in each sample is listed. Average total weight and average weight of each 
sediment type from all samples is included in the bottom of the table. 
  % total weight 
Sample 
# 
Total weight 
(kg) 
gravel pebbles granules sand 
1 1.006 7.16 14.34 14.22 62.10 
2 0.562 7.83 30.30 22.97 40.69 
3 0.752 13.24 31.69 13.18 41.32 
4 0.59 11.46 27.85 11.71 48.93 
5 0.292 10.96 30.24 29.14 33.12 
6 0.524 11.83 20.67 19.29 50.13 
7 0.206 33.79 17.62 18.01 34.32 
8 0.382 17.80 29.40 21.23 20.08 
9 0.62 16.98 24.85 17.21 39.56 
10 1.07 18.28 26.01 10.76 42.50 
11 0.55 4.36 41.51 24.93 27.76 
12 0.73 12.82 13.74 19.05 55.44 
13 0.3744 5.88 23.05 27.00 43.72 
14 0.694 14.12 17.62 21.20 47.65 
15 1.152 10.94 21.21 19.37 48.50 
16 0.294 35.37 32.07 13.98 19.97 
17 0.652 19.02 25.81 11.83 44.28 
18 0.958 19.83 20.07 15.98 44.96 
19 0.494 9.31 19.90 22.49 50.28 
20 0.79 30.38 43.33 15.33 10.47 
21 0.834 10.55 16.34 18.36 55.72 
22 0.928 14.87 20.29 11.97 50.29 
23 0.784 9.90 17.90 15.70 56.98 
24 0.3884 33.47 24.79 10.58 34.17 
25 0.794 15.78 24.95 16.51 40.84 
Average 0.65 15.84 24.61 17.73 41.79 
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Table 3. Master table of data from nest samples. Proportion of total weight of each 
sediment type in each sample is listed. Average total weight and average weight of each 
sediment type from all samples is included in the bottom of the table. 
Nest Sampling  
 % total weight 
Sample # Total weight (kg) Large rocks gravel  pebbles granules sand 
1 0.988 12.55 8.06 20.17 12.46 46.22 
2 0.592 37.16 7.43 12.55 8.63 31.88 
3 0.536 19.78 12.69 20.21 13.64 34.83 
4 0.802 0.00 13.22 21.48 17.84 47.97 
5 0.76 27.11 3.42 16.09 15.41 38.78 
6 0.42 23.81 4.29 27.21 15.98 28.74 
7 0.68 15.00 11.47 19.75 6.04 45.99 
8 0.492 0.00 6.10 41.12 12.83 41.00 
9 0.578 45.33 5.54 12.16 7.80 28.84 
10 0.518 10.04 5.41 27.86 12.18 44.15 
11 0.598 44.48 23.75 12.76 5.20 14.50 
12 0.672 20.24 11.31 17.31 11.18 39.69 
13 0.954 8.39 22.01 20.16 12.48 35.08 
14 0.656 0.00 2.13 18.03 28.52 52.55 
15 0.684 7.02 22.81 26.94 13.61 29.93 
16 0.578 0.00 21.80 22.20 9.88 47.18 
Average 0.66 16.93 11.34 21.00 12.73 37.96 
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Table 4. Master table of data from nest samples with the weight of the large rocks 
subtracted from the total weight of the samples. Proportion of total weight of each 
sediment type in each sample is listed. Average total weight and average weight of each 
sediment type from all samples is included in the bottom of the table. 
  % total weight 
Sample # Total weight (kg) gravel  pebbles granules sand 
1 0.864 9.21 23.07 14.25 52.86 
2 0.372 11.83 19.97 13.74 50.73 
3 0.43 15.81 25.19 17.00 43.42 
4 0.802 13.22 21.48 17.84 47.97 
5 0.554 4.69 22.08 21.14 53.19 
6 0.32 5.63 35.72 20.97 37.72 
7 0.68 11.47 19.75 6.04 45.99 
8 0.492 6.10 41.12 12.83 41.00 
9 0.216 14.81 32.55 20.88 77.18 
10 0.466 6.01 30.97 13.54 49.08 
11 0.332 42.77 22.98 9.37 26.11 
12 0.536 14.18 21.70 14.01 49.76 
13 0.874 24.03 22.00 13.63 38.30 
14 0.656 2.13 18.03 28.52 52.55 
15 0.636 24.53 28.98 14.64 32.19 
16 0.578 21.80 22.20 9.88 47.18 
Average 0.55 14.26 25.49 15.52 46.57 
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Table 5. Nest site GPS coordinates obtained during visual survey of nesting locations 
along the Central Canal Towpath.  
 
 
N 39˚ 33.779' W 086˚ 23.065' 
N 39˚ 50.810' W 086˚ 10.203' 
N 39˚ 50.830' W 086˚ 10.163' 
N 39˚ 50.830' W 086˚ 10.165' 
N 39˚ 50.851' W 086˚ 10.152' 
N 39˚ 50.851' W 086˚ 10.153' 
N 39˚ 50.841' W 086˚ 10.164' 
N 39˚ 50.809' W 086˚ 10.189' 
N 39˚ 50.808' W 086˚ 10.189' 
N 39˚ 50.808' W 086˚ 10.190' 
N 39˚ 50.798' W 086˚ 10.209' 
N 39˚ 50.797' W 086˚ 10.210' 
N 39˚ 50.796' W 086˚ 10.210' 
N 39˚ 50.795' W 086˚ 10.210' 
N 39˚ 50.798' W 086˚ 10.212' 
N 39˚ 50.787' W 086˚ 10.212' 
N 39˚ 50.786' W 086˚ 10.211' 
N 39˚ 50.702' W 086˚ 10.278' 
N 39˚ 50.701' W 086˚ 10.279' 
N 39˚ 50.695' W 086˚ 10.280' 
N 39˚ 50.688' W 086˚ 10.285' 
N 39˚ 50.689' W 086˚ 10.285' 
N 39˚ 50.688' W 086˚ 10.285' 
N 39˚ 50.687' W 086˚ 10.284' 
N 39˚ 50.687' W 086˚ 10.285' 
N 39˚ 50.636' W 086˚ 10.309' 
N 39˚ 50.634' W 086˚ 10.312' 
N 39˚ 50.633' W 086˚ 10.311' 
N 39˚ 50.629' W 086˚ 10.314' 
N 39˚ 50.629' W 086˚ 10.315' 
N 39˚ 50.628' W 086˚ 10.315' 
N 39˚ 50.627' W 086˚ 10.313' 
N 39˚ 50.627' W 086˚ 10.313' 
N 39˚ 50.628' W 086˚ 10.314' 
N 39˚ 50.628' W 086˚ 10.315' 
N 39˚ 50.612' W 086˚ 10.330' 
N 39˚ 50.601' W 086˚ 10.340' 
N 39˚ 50.601' W 086˚ 10.340' 
N 39˚ 50.597' W 086˚ 10.343' 
N 39˚ 50.591' W 086˚ 10.348' 
N 39˚ 50.590' W 086˚ 10.349' 
N 39˚ 50.586' W 086˚ 10.354' 
N 39˚ 50.586' W 086˚ 10.354' 
N 39˚ 50.583' W 086˚ 10.356' 
N 39˚ 50.576' W 086˚ 10.359' 
N 39˚ 50.542' W 086˚ 10.379' 
N 39˚ 50.532' W 086˚ 10.384' 
N 39˚ 50.492' W 086˚ 10.409' 
N 39˚ 50.476' W 086˚ 10.421' 
N 39˚ 50.454' W 086˚ 10.435' 
N 39˚ 50.397' W 086˚ 10.472' 
N 39˚ 50.396' W 086˚ 10.475' 
N 39˚ 50.396' W 086˚ 10.473' 
N 39˚ 50.395' W 086˚ 10.473' 
N 39˚ 50.418' W 086˚ 10.458' 
N 39˚ 50.589' W 086˚ 10.355' 
N 39˚ 50.590' W 086˚ 10.353' 
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Table 6. Master table of data collected from territory choice experiment. Territory was 
established if a fish spent >150 seconds on/near a particular sediment patch. If total time 
observed <300 seconds, fish were too active for accurate record of time spent.  
  time (seconds, out of 300)  
Day Tank Wall pebbles granules sand territory 
1 A 300 0 0 0 NA 
1 B 300 0 0 0 NA 
1 C 300 0 0 0 NA 
1 A 125 0 25 150 sand 
1 B 300 0 0 0 NA 
1 C 225 25 0 50 NA 
2 A 0 300 0 0 pebbles 
2 B 300 0 0 0 NA 
2 C 75 200 25 0 pebbles 
2 C 50 25 0 162.5 sand 
2 A 75 75 75 50 NA 
2 B 300 0 0 0 NA 
2 D 300 0 0 0 NA 
2 D 300 0 0 0 NA 
2 A 0 87.5 87.5 100 NA 
2 B 250 0 0 50 NA 
2 C 162.5 75 0 37.5 NA 
3 B 300 0 0 0 NA 
3 C 112.5 187.5 0 0 pebbles 
3 A 300 0 0 0 NA 
3 D 300 0 0 0 NA 
3 C 150 125 0 25 NA 
3 C 137.5 112.5 12.5 50 NA 
3 D 300 0 0 0 NA 
3 C 162.5 75 0 25 NA 
3 B 112.5 0 37.5 50 NA 
3 A 150 150 0 0 pebbles 
3 B 37.5 50 25 75 NA 
3 C 75 175 25 0 pebbles 
3 A 300 0 0 0 NA 
3 D 300 0 0 0 NA 
4 C 200 62.5 12.5 12.5 NA 
4 B 300 0 0 0 NA 
4 A 300 0 0 0 NA 
4 A 275 0 0 25 NA 
4 B 300 0 0 0 NA 
4 C 125 125 37.5 0 NA 
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Table 7. The 20 of the 37 observations during the territory choice experiment in which 
the fish were active. In 7 of these 20 active observation periods, territory was established 
(5 pebbles, 2 sand). The average time spent at each location is included at the bottom the 
the table. When fish were not at the wall, there was a much higher proportion of time 
spent on/near the pebble patches compared to the granules or sand patches, with the least 
average time spent at the granules patch.  
  time (seconds, out of 300)  
Day Tank Wall pebbles granules sand territory? 
1 A 125 0 25 150 sand 
1 C 225 25 0 50 NA 
2 A 0 300 0 0 pebbles 
2 C 75 200 25 0 pebbles 
2 C 50 25 0 162.5 sand 
2 A 75 75 75 50 NA 
2 A 0 87.5 87.5 100 NA 
2 B 250 0 0 50 NA 
2 C 162.5 75 0 37.5 NA 
3 C 112.5 187.5 0 0 pebbles 
3 C 150 125 0 25 NA 
3 C 137.5 112.5 12.5 50 NA 
3 C 162.5 75 0 25 NA 
3 B 112.5 0 37.5 50 NA 
3 A 150 150 0 0 pebbles 
3 B 37.5 50 25 75 NA 
3 C 75 175 25 0 pebbles 
4 C 200 62.5 12.5 12.5 NA 
4 A 275 0 0 25 NA 
4 C 125 125 37.5 0 NA 
 Average  125 92.5 18.125 43.125  
 
 
 
 
 
